The reaction of 4-iodobenzenesulfonamide or 4-fluorobenzenesulfonamide with CS 2 and KOH in dimethylformamide yielded the potassium N-R-sulfonyldithiocarbimates, K 2 (RSO 2 N@CS 2 ) [R = 4-IC 6 H 4 (1) and 4-FC 6 H 4 (2)]. These salts reacted with K 2 [PtCl 4 ] in water/methanol to yield complex anions bis(N-R-sulfonyldithiocarbimato)platinate(II), which were isolated as their tetrabutylammonium salts, C NMR spectroscopies, and elemental analyses. The molar conductance data are consistent with the fact that 3 and 4 are dianionic complexes.
Introduction
Dithiocarbamate salts and dithiocarbamate complexes are well known compounds, their wide range of applications being described in the literature. For example, dithiocarbamate and their derivatives are very active accelerators in vulcanization [1, 2] . Many dithiocarbamates, anions and complexes show biological activity and are used as fungicides [1, 3] .
Hundreds of platinum(II) complexes involving dithiocarbamato ligands have been reported [1] . The interest in this kind of complexes has increased in recent years, with the aim of synthesizing anti-tumor drugs of reduced toxicity with respect to cisplatin [1, 4] . On the other hand, reports about the synthesis and characterization of platinum(II)-dithiocarbimato complexes are much more rare in the literature [5] [6] [7] [8] [9] [10] . These papers include the description of only two complexes containing dithiocarbimates derived from sulfonamides [10] . The characterization of salts of N-R-sulfonyldithiocarbimates by single crystal X-ray diffraction experiments is also rare, probably due to their low stability at ambient conditions. To our knowledge, only two potassium salts of this kind have had their structures described [11, 12] .
The bis(dithiocarbimato)-platinum(II) complexes are much more stable than the potassium salts of their free ligands. Furthermore, differently from the dithiocarbamate complexes, they are, necessarily, anionic species. So the applications of these complexes will also depend on the counter ion. Thus, the use of active cations might improve their biological activity and different cations should also allow a variation in their solubility. Another important aspect to be considered is the possibility of variation in the R groups, what might change their solubility in the biological medium, interfering in the effectiveness of their action in within the cells. In a recent work we reported on the structures of compounds (Bu 4 N) 2 [Pt(C 6 H 5 SO 2 N@CS 2 ) 2 ] and (Bu 4 N) 2 [Pt(4-BrC 6 H 4 SO 2 N@CS 2 ) 2 ] [10] . These compounds were insoluble in water and soluble in organic solvents, which might enable their interactions with the lipophilic parts of the cell membranes. So, we decided to prepare new complexes keeping the same cation, but changing the aromatic substituents, obtaining similar complexes, with anions of different sizes, for posterior studies on their anti-tumoral activities.
Here we describe the synthesis of a new potassium N-Rsulfonyldithiocarbimate salt: K 2 (4-FC 6 
Experimental

Materials and methods
Solvents (dichloromethane, dimethylformamide, ethanol and methanol) were purchased from Merck and were used as supplied. 4-Fluorobenzenesulfonamide, 4-iodobenzenesulfonyl chloride, potassium tetrachloroplatinate(II) and tetrabutylammonium bromide were purchased from Aldrich. KOH and CS 2 were purchased from Vetec. The 4-iodobenzenesulfonamide was prepared from 4-iodobenzenesulfonyl chloride in reaction with concentrated ammonia solution, according to the methodology applied for the syntheses of similar compounds [13] and potassium N-4-iodophenylsulfonyldithiocarbimate was prepared from the parent sulfonamide as described in the literature [12] . This salt, which is soluble in H 2 O and insoluble in most organic solvents, was recrystallized from a hot mixture of ethanol and water. IR spectra were recorded with a Perkin-Elmer 1000 FT-IR spectrophotometer using CsI pellets. The NMR spectra were recorded with a Bruker DPX-200-AVANCE or a VARIAN-300 spectrophotometers in D 2 O (1, 2), DMSO-D 6 (3) and CDCl 3 (4) with TMS as internal standard. Microanalyses for C, H and N were obtained from a Perkin-Elmer 2400 CHN elemental analyzer. Platinum was analyzed by atomic absorption on a Hitachi Z-8200 atomic absorption spectrophotometer. Uncorrected melting points were measured with a Mettler FP5 melting point apparatus. The molar conductances (K M ) were measured in acetonitrile solutions at 25°C with a Conductivity Meter Jenway 4010.
Syntheses of the dithiocarbimate potassium salts
Compound 1 was prepared as described in the literature [12] . Compound 2 was prepared as described, see Scheme 1.
Carbon disulfide (0.02 mol) and potassium hydroxide (0.01 mol) were added to a solution of 4-fluorobenzenesulfonamide (0.02 mol) in DMF (20 mL). The mixture was stirred at room temperature for 2 h previous to the addition of a second portion of potassium hydroxide (0.01 mol). After stirring for further 1 h, the yellow solid formed was filtered, washed with DMF, ethanol and ethyl acetate and dried under reduced pressure yielding the potassium N-4-fluorophenylsulfonyldithiocarbimate (80% based on the sulfonamide). Suitable crystals for X-ray structure analysis were obtained after recrystallization in ethanol:water 1:1 mixture. J C,F = 22.9, C3 and C5).
Syntheses of the platinum complexes
The syntheses of the platinum complexes were performed according to Scheme 1. Potassium tetrachloroplatinate(II) (0.001 mol) and tetrabutylammonium bromide (0.002 mol) were added to a solution of potassium N-R-sulfonyldithiocarbimate dihydrate (1 or 2, 0.002 mol) in methanol/water 1:1 (10 mL). The reaction mixture was stirred for 3 h at room temperature. The yellow solid obtained was filtered, washed with distilled water and dried under reduced pressure for one day, yielding (Bu 4 N) 2 
X-ray diffraction experiments
X-ray intensity data for single crystals were collected using graphite monochromatic Mo Ka radiation on a four-circle j-geometry KUMA KM-4 diffractometer with a two-dimensional area CCD detector. The x-scan technique with Dx = 0.80°for each image was used for data collection. The 880 images for six different runs covered about 98% of the Ewald sphere were collected using the CRY-SALIS CCD program [14] . The lattice parameters were refined by least-squares methods based on all the reflections with I > 2r(F 2 ).
One image was used as a standard for monitoring of the stability of the crystals as well as for monitoring the data collection after every 50 images, and no correction on the relative intensity variation was necessary. Integration of the intensities, correction for Lorenz and polarization effects and the numerical absorption correction were performed using a CRYSALIS RED program [14] . The structures were solved by direct methods using SHELXS97 [15] . The calculated E map revealed the metals, S, O, N and most of the C atoms. The remaining C atoms were located from the difference Fourier synthesis. The structures were refined with the anisotropic thermal parameters for all non-hydrogen atoms using SHELXL97 [15] . Difference Fourier maps gave electron density concentrations Table 1 . Selected bond lengths and angles and torsion angles are listed in Table 2 .
Theoretical calculations
Ab initio molecular orbital calculations full geometry optimizations were performed with the GAUSSIAN98 program package [16] . The calculations were performed for the isolated 4-fluorophenylsulfonyldithiocarbimate(2-) ligand by the density functional three-parameters hybrid (B3LYP) methods [17, 18] with the 6-31+G(d) basis set starting from the X-ray geometry. As convergence criterion the threshold limits of 0.00025 and 0.0012 a.u. were applied for the maximum force and the displacement, respectively.
Results and discussion
Compounds 1 and 2 are yellow solids. They are insoluble in organic solvents and soluble in water. They are not very stable and a white solid is obtained from their aqueous solutions after some days at room temperature. At ambient temperature, the yellow solids are also converted into white solids after several months. Both, 3 and 4, are yellow crystalline solids insoluble in water and very stable at room temperature. Compound 4 is soluble in polar organic solvents such as DMF, DMSO, ethanol, methanol, dichloromethane and chloroform. Compound 3 is soluble in DMF, DMSO, and differently from compound 4 and the analogues with R = C 6 H 5 and 4-BrC 6 H 4 [10] , only slightly soluble in the other organic solvents mentioned above. The molar conductances of 3 and 4 at 10 À3 mol L À1 in acetonitrile are in the range of 220-300 X À1 cm 2 mol À1 , commonly attributed to 1:2 electrolytes [19] . The spectroscopic properties of compounds 3 and 4 are similar to those presented by other platinum(II) complexes of dithiocarbimate from sulfonamides described in the literature [10] (Tables 3  and 4 ). In the IR spectra of the potassium dithiocarbimates 1 and 2, there are no strong bands in the 1450-1550 cm À1 spectral region, the mCN band being observed at 1280 and 1259 cm À1 , respectively. A strong band observed at 1384 cm À1 in the spectrum of compound 3 and at 1376 cm À1 in the spectrum of compound 4 was assigned to the mCN. The CN bond is formally a double bond. However, because of the SO 2 neighbour group, the canonical forms (a) and (b) (Scheme 2) contribute appreciably to the resonance hybrid. This fact explains the low values observed for the mCN band wavenumbers. The mCS 2asym were observed at higher wavenumbers in the spectra of the potassium salts of dithiocarbimates (971 and 977 cm À1 for 1 and 2, respectively) than in the spectra of compounds 3 and 4 (936 and 934 cm À1 , respectively). The shifts observed in the mCS 2asym and mCN bands in the vibrational spectra of the complexes when compared to the spectra of the free ligands, are consistent with the increased importance of the canonical form (c) after complexation (Scheme 2). The spectra of compounds 3 and 4 also show the expected medium/strong band in the 300-400 cm À1 range assigned to the mPtS. The NMR spectra were typical for diamagnetic species and were consistent with the proposed structures. The integration curves on the 1 H NMR spectra of 3 and 4 were consistent with a 2:1 proportion between the tetrabutylammonium cation and the Pt-bis(dithiocarbimato) complex anion. In the 13 C NMR spectra of compounds 3 and 4 the signal of the quaternary carbon of the dithiocarbimate moiety is shifted upfield when compared to the corresponding signal in the potassium dithiocarbimates spectra. This fact is also consistent with the increase in the contribution of canonical form (c) after the complexation (Scheme 2). The coupling constants between the fluorine and the carbon atoms in the spectra of compounds 2 and 4 were observed in the normal range for other fluorinated aromatic compounds ( 1 J C4,F % 249 Hz and 2 J C3,F % 22.5 Hz), and it was also possible to observe the coupling with C-2 ( 3 J C2,F % 9 Hz). The asymmetric unit of compound 2 is illustrated in Fig. 1 . The dithiocarbimate(2-) group together with the sulfur atom of sulfonyl group of the 4-fluorophenyl-sulfonyldithiocarbimate(2-) anion (the S1S2C1N1S3 fragment) is planar and almost perpendicular to the phenyl ring. The dihedral angle between the planes defined by the S1S2C1N1S3 atoms and by the C atoms of the phenyl ring is equal to 98.9(1)°. The potassium cations, K1 and K2, have different coordination envinronments. The K1 cation is surrounded by two 4-fluorophenylsulfonyldithiocarbimate(2-) anions and three water molecules (Fig. 2a) . One of the 4-fluorophenylsulfonyldithiocarbimate(2-) ligands is joined to K1 by the S1 atom of dithiocarbimate group, while the other ligand by O2 of sulfonyl group and by the N1 atom. The K2 cation interacts with four neighbouring 4-fluorophenylsulfonyldithiocarbimate(2-) ligands and with two water molecules (Fig. 2b) . Each of these 4-fluorophenylsulfonyldithiocarbimate(2-) ligands interacts differently with the K2 cation. One of them inteacts by both S atoms of CS 2 group, the other by the O atom of sulfonyl group and by one S atom of CS 2 group. The third 4-fluorophenylsulfonyldithiocarbimate(2-) ligand is directed towards the K2 cation by the F atom (K2-F1, 2.785(2) Å), and the fourth ligand is oriented to the K2 cation by the O atom of sulfonyl group (K2-O2, 2.725(2) Å). Thus the potassium cations, K1 and K2, have not only different environments, but also different coordination numbers. Ab initio molecular orbital calculations performed for an isolated 4-fluorophenylsulfonyldithiocarbimate(2-) ligand have shown a quite similar conformation of the anion as found in the crystal of the potassium salt (Table 5) . Thus the interaction between the potassium cations and the 4-fluorophenylsulfonyldithiocarbimate(2-) anions is mainly ionic which does not disturb significantly the geometric conformation of the ligand. The bond lengths and angles, as well as the orientation of the almost planar dithiocarbimate group (CS 2 ), together with the sulfur atom of the sulfonyl group (S1S2C1N1S3 fragment) in relation to the phenyl ring in the potassium salt preserve almost the same values as in the gas-phase which describes the most stable conformation of the ligand. The arrangement of the molecules in the crystal 2 (Fig. 2c) is mainly determined by the ionic interaction of the oppositely charged moieties, i.e. the 4-fluorophenylsulfonyldithiocarbimate(2-) ligand and the potassium cations surrounded by the water molecules. The water molecules interact with the potassium cations forming infinite 2D-layers parallel to the (0 0 1) plane at z = 0 and z = 1/2, while the 4-fluorophenylsulfonyldithiocarbimate(2-) ligands are alternatively oriented and located almost per- Table 3 Comparison between the mCS 2 and the CS 2 bond lengths and angles in dithiocarbimate potassium salts and complexes pendicularly to the (0 0 1) plane by their phenyl ring, and also form layers parallel to the (0 0 1) plane at z = 1/4 and z = 3/4. Besides, due to the ionic attraction between the oppositely charged layers, the hydrogen bond between the water molecule (O3) as a donor and the nitrogen atom (N1) as an acceptor is formed (O3-H31 Á Á Á N1, the distance between donor and acceptor and the D-HÁ Á ÁA angle are 2.970(3) Å, and 171.5°). This hydrogen bond slightly diminishes the steric effect of the lone pair of electrons at the N atom and leads to a decreased C1-N1-S3 angle by about 3°compared to the gasphase structure. The molecular structures of compounds 3 and 4 are shown in Fig. 3a and which the interaction between the K + cations and the dithiocarbimate(2-) ligands is mainly ionic ( Table 5 ). The arrangement of the molecules in the crystal of compound 4 is shown in In compounds 3 and 4, the CS bond lengths are nearly equal and are slightly shorter than typical C-S single bond lengths (ca. 1.815 Å) but longer than typical C@S double bonds (ca. 1.671 Å) [21] due to the partial p-delocalization in the S-C-S group (Scheme 2). Quite similar behaviour is observed in the square-planar palladium(II) and nickel(II) complexes of dithiocarbimates [10, 12, 22, 23] . However, in compound 2 they are slightly different [C1-S1 is 1.731(2) Å and C1-S2 is 1.706(2) Å] ( Table 3) . This difference can be explained by a balance between the repulsive interactions of the lone-pair of electrons on the nitrogen atom and the S2, as well as between the S1 and the RSO 2 group. When the complexation occurs two factors must be considered. First, the S1-C1-S2 angle decreases, weakening the interactions mentioned above, and diminishing the difference between the C1-S1 and the C1-S2 bond lengths. Another factor is the increasing importance of the canonical form (c) upon complexation, explaining not only a shorter CN bond length in 3 and 4 than in 2, but also the lower wavenumbers for the mCS 2 in the spectra of the complexes when compared with the spectra of the ligands, the higher wavenumbers for the mCN in the spectra of the complexes, and the variation on the chemical shift of the dithiocarbimate group carbon atom signal in the 13 C NMR spectra after the complexation (Tables 3 and 4) . The bond lengths and angles of the tetrabuthylamonium cations are in agreement with the expected values (Table 2) . However, the torsion angle C41-C42-C43-C44 in the compound 4 is deviated significantly from 180°due to repulsive interaction between the hydrogen atoms of the symmetrically equivalent Bu 4 N + cations, which are oriented by the terminal methyl group of C44 atom, as well as due to attractive interaction of the H atom of the methyl group with the phenyl ring (C44-H44AÁ Á Áp(phenyl ring) $3.2). The conformation of the tetrabuthylamonium cation is different from that found in the isostructural Pt-phenyl-derivative dithiocarbimate complex [10] in which all torsion angles of the carbonic chains of the tetrabuthylamonium cation are only slightly distorted from the expected value of 180° (Table 2) .
Conclusion
A new dithiocarbimate anion (4-fluorophenylsulfonyldithiocarbimate) was obtained and its potassium salt was characterized by X-ray diffraction techniques. Besides, two new platinum(II)-bis(dithiocarbimato) complexes were obtained as tetrabutylammonium salts in the crystalline form and their structures were characterized by single crystal X-ray diffraction. The Pt 2+ in both complexes is located at the inversion centre and the PtS 4 moiety has a square-planar configuration. Spectroscopic data are consistent with the X-ray experimental results and point to an increase of the contribution of the canonical form (c) to the resonance hybrid upon complexation with a consequent increase of the CN double bond character. Thus, in the IR spectra the wavenumbers of the mCN are smaller for the ligands than for the complexes, and the 13 C NMR spectra show that the carbon atom of the dithiocarbimate Table 5 Comparison of the X-ray and gas-phase geometry of the 4-fluorophenylsulfonyldithiocarbimate(2-) anion (in Å,°) Bonds X-ray (in 2) X-ray (in 4) Ab initio C1-S1 moiety is more shielded in the complexes than in free ligands. The ionic interaction between the potassium cations and the 4-fluorophenylsulfonyldithiocarbimate dianions does not disturb significantly the conformation of the anionic ligand, while the bidentate chelation by two S atoms of dithiocarbimate group to Pt cation is more covalent and leads to a decrease on the S1-C1-S2 angle in the ligand. 
